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HSI call, put and futures return patterns are examined from January 1994 to 
October 1994. Returns are segregated on the basis of the day of the week and time 
interval of 15 minutes within one day. It is found that options and futures mean 
returns in the first interval are in general significantly different from others. However, 
there are not many correlated returns patterns found among call, put and futures. 
Option returns are regressed against future returns to identify any relationship. 
Results show that call returns are positively and significantly correlated to futures 
returns and the standard deviation of futures. However, put returns are found to be 
positively correlated to futures return and the standard deviations of futures returns, 
though result is not significant. These uncommon results are believed to be caused by 
the fact that puts are much less frequently traded and hence quotes are often less 
revised. 
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The growth of Hang Seng Index (HSI) Options volume and open interest since 
trading began in March 1993 has reflected investor needs in the development of new 
products. HSI Options are now providing both individual and institutional investors 
with a valuable risk-limiting new asset management tool. 
This new product has aroused great interest from brokerage houses, especially 
those from overseas. Since March 1993, the Hong Kong Futures Exchange (HKFE) 
has admitted 24 new members, bringing the new total to 116. The product has also 
received encouraging responses from retail and institutional investors. 
The trading volume for the HSI Options has grown at an impressive rate. 
Monthly volume of 56,071 in October 1994, represented an increase of 333% over the 
12,938 contracts transacted 20 months ago when the product was just launched. The 
highest daily volume of 8349 contracts was recorded on November 23 1994. 
I 
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Open interest, which is a measure of long-term participation in the market 
responsiveness, continued to trend up steadily to 53,703 contracts in September 1994. 
This represented a hefty increase of more than thirteen times over the 4,059 contracts 
established at end-March 1993. 
Implied volatility, which was once very high (around 30% to 40%) in March 
and April 1994, appeared to have stayed to the 20% to 30% after September 1994. 
All these points indicate that the HSI Options market is becoming increasingly 
mature. 
United State stocks, various U.S. stock indices, U.S. treasury bills, foreign 
exchange rates, and foreign stock markets were found to have return seasonality by 
empirical studies. However, researches on seasonal effects of index options returns 
are not commonly found as those of stock returns. Cotner and Nayar (1993) conducted 
the anomaly investigation on Standard and Poor's (S&P) 100 index call options over 
the period October 10, 1985 through June 30, 1989 and found the presence of January 
effect, an early January effect, and a day-of-the-week effect in the S&P 100 index 
option returns 
Studies on return anomalies of Hong Kong market were also carried out by a 
number of researchers. However, the researches were focused on the stock markets 
and the results showed that "January effect" and day-of-the-week effect are found in 
Hong Kong stock market. These findings seem to contradict to the efficient market 
3 
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hypothesis, which says that the share prices should follow a random pattern and no 
one can consistently earn abnormal profits from the stock market. 
As mentioned before, the HSI Options market has attracted a lot of retail and 
institutional investors, both from local and overseas. Whether the HSI Options 
demonstrate similar seasonal anomalies should be something interesting and 
important to these investors. Should any obvious or identifiable patterns exist in the 
HSI option market, special trading strategies could be devised to take advantage of 
these anomalies so as to make riskless profits. 
Objectives 
The overall objective of this paper is to investigate, if any, the existence of the 
intraday and day-of-the-week return patterns on HSI Options and to devise some 
trading strategies to take advantage of these options return anomalies, if any. A 
comparison of intertemporal futures return patterns with options return patterns is 
performed, with inferences made about their similarity. 
Scope 
The scope of this study is on the HSI options and futures markets in Hong 
Kong, from January 1994 to October 1994. 
I 
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Organization of Papers 
This study proceeds in the following maimer. The next section contains 
description of the HSI Options, as well as the trading mechanisms and the market 
performance during the period of study. Next, literature reviews about the seasonality 
in US and Hong Kong markets are summarized. A model of strategic trading by 
Aggarwal and Gruca (1993) is presented to document researchers' explanations of 
these return anomalies. The data and methodology are outlined in following section. 
Then, the empirical results and discussions are presented. Finally, implications and 






THE HANG SENG INDEX (HSI) OPTION 
Description 
The stock index options contracts traded in the Hong Kong Futures Exchange 
(HKFE) are based upon the HSI and its four Sub-Indices: properties, utilities, finance, 
and commerce and industry. The HSI is a value-weighted index of thirty-three stocks 
and every stock in the Index is represented in one of the four Sub-Indices. 
HSI Services Ltd., which compiles the HSI, reviews the constituents of the 
index every quarter in order to ensure its 70% coverage ratio of the market 
capitalization. During the period of our study, i.e. January to October 1994, the 
constituents of HSI remained unchanged and are listed in Table 1. However, as 
shown in Table 2 seven constituent stocks were removed and replaced mainly 
because the Jardine Group delisted from the Hong Kong Stock Exchange at the 
beginning of 1995, which brought about the departure of its five listed companies, 




HSI Futures and Options contracts of HKFE are the only two exchange-traded 
equity index derivative products in Hong Kong. Trading in the HSI Futures contract 
began on May 6 1986 on the HKFE. Seven years later, on 5 March 1993 HSI 
Options contract was launched by HKFE. Table 3 gives a detailed specification of 
HSI Options contracts. 
Accompanying the expansion of the equity markets, HKFE debut the Stock 
Futures contracts on HSBC Holdings and Hongkong Telecom on March 31, 1995. 






CONSTITUENT STOCKS OF THE HANG SENG INDEX 
(JANUARY 94 TO OCTOBER 94) 
‘ 
Finance Sector The Bank of East Asia Ltd. 
Hang Seng Bank 
HSBC Holdings 
Jardine Strategic Holdings Ltd. 
Utilities Sector China Light & Power Co. Ltd. 
Hongkong Electric Holdings Ltd. 
The Hong Kong & China Gas Co. Ltd. 
Hong Kong Telecommunication Ltd. 
Properties Sector Cheung Kong (Holdings) Ltd. 
Great Eagle Holdings Ltd. 
Hang Lung Development Co. Ltd. 
Henderson Land Development Co. Ltd. 
Hongkong Land Holdings Ltd. 
Hopewell Holding Ltd. 
Hysan Development Co. Ltd. 
New World Development Co. Ltd. 
Sun Hung Kai Properties Ltd. 
Sun Tak Holdings 
Commerce & Industry Sector Cathay Pacific Airways Ltd. 
CITIC Pacific Ltd. 
Dairy Farm International Holdings Ltd. 
Hong Kong Aircraft Engineering Co. Ltd. 
The Hongkong & Shanghai Hotels Ltd. 
Hutchison Whampoa Ltd. 
Jardine Matheson Holdings Ltd. 
Lai Sun Garment (International) Ltd. 
Mandarin Oriental International Ltd. 
Miramar Hotel & Investment Co. Ltd. 
Swire Pacific Ltd. (A Shares) 
Television Broadcasts Ltd. 
The Wharf (Holdings) Ltd. 
Winsor International Corporation Ltd. 
Wheelock International 
• , ‘ 
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TABLE 2 
CHANGES IN HANG SENG INDEX CONSTITUENTS 
OUT Stocks 
Stock Name Principal line of business Effective Date 
Jardine Matheson Conglomerate 30/11/94 
Jardine Strategic Investment holding 30/11/94 
Lai Sun Garment Clothes and property 30/11/94 
Winsor Manufacturer 30/11/94 
Dairy Farm Food Retailer 28/02/95 
Hongkong Land Property Investment 28/02/95 
Mandarin Oriental Hotel Group 28/02/95 
IN Stocks 
Stock Name Principal line of business Effective Date 
Amoy Properties Property Investment 30/11/94 
Guangdong Investment Investment Group 30/11/94 
Johnson Electric Mini-motor Maker 30/11/94 
Oriental Press Group Newspaper Publishing 30/11/94 
Shangri-La Hotel Group 28/02/95 
Sino Land Property Developer 28/02/95 





CONTRACT SPECIFICATION OF HANG SENG INDEX OPTIONS 
Underlying Index Hang Seng Index (the share price index of that name compiled, 
computed and disseminated by HSI Services Ltd.) 
Contract Multiplier HK $ 50 per Index point 
Contract Months Current and next calendar months plus the next two months 
from the following quarterly cycle : March, June, September, 
December * 
Trading Hours Two Trading Sessions per day : 
10:00 - 12:30 and 14:30 - 16:00 local Hong Kong time. * 
Trading Method Open outcry in accordance with the Rules of the Exchange 
Expiry Day The Business Day immediately preceding the last Business Day 
of the Contract Month. * 
Option Premium Option premium is quoted in whole Index points 
Contract Value Option premium multiplied by the Contract Multiplier 
Cabinet Bids HK$ 10.00 per contract, to include all applicable fees and levies 
Strike Price Strike price shall be set as follows: 
(i) at intervals of fifty (50) Index points at strike prices below 
two thousand (2000) index points 
(ii) at intervals of one hundred (100) index points at strike 
prices at or above two thousand (2000) index points but below 
eight thousand (8000) index points 
(iii) at intervals of two hundred (200) index points at strike 
prices at or above eight thousand (8000) index points 
(iv) on a temporary basis at other intervals as may from time to 
time be determined by the Chief Executive in consultation with 
the Commission or at other intervals as may from time to time 
be determined by the Board in consultation with the 
Commission. 
The Exchange reserves the right to introduce new strike prices 
at any time. 
Exercise Style European style options, which may be exercised only on Expiry 
‘ Day. 
Settlement on Exercise Cash settlement of the difference between official settlement 
price and the strike (exercise) price 
Final Settlement Day Business Day immediately following Expiry Day 
Official Settlement the Official Settlement Price for Hang Seng Index Options 
Price shall be a number, rounded down to the nearest whole number, 
declared by the Clearing House and shall, subject to Sections 
010 and Oil of the Regulations for trading Stock Index 
Options, be the average of the quotations of the Hang Seng 
Index taken at five (5) minutes intervals during the Expiry Day, 
and compiled, computed and disseminated by HSI Services Ltd. 
10 
Position Limits Nil 
Large Open Positions 500 Contracts in any one series for each Client 
Minimum Fluctuation One Index point 
Margin Requirements Margin procedures as set out in the Exchange Rules 
* Same as the Hang Seng Index Futures Contract 
Trading Fees 
Exchange Fee HK$ 10.00 per contract per side 
(including a HKFE Development Fund Fee of HK$0.50) 
SFC Levy HK$ 1.00 per contract per side 
Compensation Fund HK$ 0.50 per contract per side 
Levy 
Total = HK$ 11.50 per contract per side 
Exercise Fees 
Options that are exercised on Expiry Day shall attract an Exercise Fee of HK$ 10.00 per 
contract. 
Contracts that are not exercised will be deemed to have expired worthless and will not 
attract an Exercise Fee. 
Minimum Commissions 
Minimum Commissions will be payable on all trades and will be set at the lesser of: 
a) 1% of the Contract Value rounded up to the nearest Hong Kong Dollar with a 
minimum of HK$30; and 
b) HK$ 100 
Options that are designated Cabinet Bids shall not attract a minimum commission, as 
they have no Contact Value 
Cabinet Bids 
These are options that are considered worthless and may be closed out at a nominal value 
of HK$ 10.00 per contract which includes all Trading Fees. These contracts will be 
displayed on the price reporting screens as "CAB" bid since options cannot otherwise be 
traded at less than the Minimum Fluctuation of one index point. 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mechanism of Hang Seng Index Option Trading 
HSI Options are European style options and all options that are in-the-money 
at expiry will be exercised automatically by the Hong Kong Clearing Corporation, 
HKCC, a subsidiary of the Futures Exchange. Options that are deeply in-the-money 
at expiry will be exercised automatically unless the broker tells the Clearinghouse not 
to. The proposed stock options on the Stock Exchange of Hong Kong will be 
American (so are the warrants currently traded on the Exchange) and will only be 
exercised by the Clearinghouse upon receipt of a completed, signed and dated exercise 
notice. ^ 
HSI options are quoted in terms of index points and are "cash settled contracts 
of difference". This means that exercise does not involve the transfer of the shares 
which constitute the index. Instead, the difference in value between the "official 
settlement price" of the index at expiry and the exercise or strike price of the option is 
used. The holder of the option receives the intrinsic value which is paid by the writer 
of the option? 
Only Member Representatives who have passed the necessary examinations 
are allowed on the trading floor at the HKFE. Investors need to put their option 
orders through one of the HKFE Members who acts as brokers. The HKFE has a list 





of Members who were approved to trade HSI Options. Before being allowed to trade, 
investors have to sign a Client Account Agreement which sets out the risks of trading 
options and the terms of business for the Member. ^ 
When investors put their options to the broker, he or she will phone the order 
down to the trading floor. The floor trader will then take the order to the option 
trading Pit and try to fill the order at the right price. There are several different kinds 
of people at the Pit : (a) Pit Officials who ensure the market is fair and orderly; (b) 
Registered Traders who make prices and provide liquidity; and (c) Member 
Representatives who execute Client orders. ^ 
The Index Options are traded through an "open outcry" system. This involves 
traders and brokers shouting out their bids and offers through a competitive auction. ^ 
The prices called out in the open outcry system on the market floor are put into a 
computerized price reporting system and this is sent out as a price feed to several 
quote vendor systems, through which brokers can access the current bid and offer 
prices, and the price and the time of the last trade. 
The HKFE introduced a system of registered traders in the market to ensure 
liquidity in the different strike prices available. These traders are committed to make 
both bid price and offer price on request from broker. The bid-ask spread is 
controlled by the exchange. This means that investors can always be sure of a fair 
3 Understanding Options. Hong Kong Futures Exchange Ltd. 
4 Ibid. 
5 Terpstra R.H. 142. 
6 Understanding Options. Hong Kong Futures Exchange Ltd. 
15 
market price. The only time this is relaxed is when the market is moving so quickly 
that the registered traders are unable to hedge their positions. When this occurs, a 
"fast market" will be declared by the exchange and the bid/ask spread will be 
permitted to reflect the trading difficulties. 
Market Reviews ofHSI Options 
The success of the HSI Options is reflected in their trading volume. As shown 
in Exhibit 1 the average trading volume of HSI surged to 3319 contracts per day in 
January 1995 from 587 contracts per day in July 1993. The average monthly growth 
rate is 10%, which is a very encouraging number. 
When examined closely, we can see that there is dramatic jump in the daily 
trading volume from June 1993 to October 1993. The daily turnover then levels 
around 2200 lots and steadily goes up to 3000 lots in 1994. 
7 Terpstra 142. 
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EXHIBIT 1 
DAILY TRADING VOLUME OF HSI OPTIONS, JUNE 1993 TO JANUARY 1995 
Daily Trading Volume of HSI Options, June 93 to Jan 95 
3,500 — — — — n 
/ 
3.000 
I 2.500 J 
I • / 





_ 1 _ :: ^ 
0 f ( H < 1 1 f 1 1 1—4 S < 1 f < 1 
jun-93 Aug-93 Oct-93 Dec-93 Feb-94 Apr-94 Jun-94 Aug-94 Oct-94 Dec-94 
Date 
Source : Hong Kong Futures Exchange Ltd. 
Table 4 lists the comparison of HSI options turnover with major index options 
traded in international exchanges, which certainly reflects the international status of 
HSI Options. 
From January to September 1994, the HSI Options turnover amounted to 
422,519 contracts, the eighteenth largest in the world. It was up from the twenty-
fourth place in 1993. From March to September 1993 a total of 141,910 contracts 
were recorded, as indicated in Table 4. Given the fact that the HSI Options have been 
launched for less than two years, the rate of growth of 197.74% was impressively 




Options has also increased from 0.13% in the first three quarters of 1993 to 0.32% in 
g 
the corresponding period in 1994. 
EXHIBIT 2 
TRADING VOLUME OF HANG SENG INDEX FUTURES 
(JANUARY - OCTOBER 1994) 
Trading Volume of Hang Seng Index Futures (Jan - Oct 
1994) 
12000 — — — — -n 
10000 - — — ^ — - I — — — — 
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5 8000 - • — ‘ . 
^ 6000 
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Date 
Source : Hong Kong Futures Exchange Ltd. 
g "International Status of the Hang Seng Index Futures and Options", Sgcur t gS jQWnal The Stock 






Seasonal patterns in stock returns 
Asset pricing anomalies have attracted considerable research efforts in recent 
years. Researchers scrutinized the data closely and identified four patterns in stock 
returns : (1) a month-of-the-year effect, (2) a week-of-month effect, (3) a day-of-the-
week effect, and (4) an hour-of-the-day effect. 
Month-of-the-year effect 
The month-of-the-year effect is usually referred to as the January effect. Keim 
(1983) provided evidence that the January effect is related to the tax-loss selling. 
Reinganum (1983) showed that tax consideration alone does not provide sufficient 
rationale for the higher returns. 
Week-of-the-month effect 
The week-of-the-month effect refers to returns generally being higher in the 
earlier part than in the latter part of a calendar month. Ariel (1987) divided trading 
19 
months into two equal periods and showed that the mean returns are positive in the 
first half of trading months but not significantly different from zero in the last half of 
trading months. 
Day-of-the-week effect 
The day-of-the-week effect refers to returns not being homogeneously 
distributed over the days of the week. French (1980) showed that the returns on 
stocks tend to be lower (actually, negative) on Mondays than on other days of the 
week. Rogalski (1984) decomposed daily close to close returns into trading day 
(open-to-close) and non-trading day (close-to-open) returns. Using the Dow Jones 
Industrial Average and the S&P 500, Rogalski found that the negative component of 
the Friday close to Monday close was attributed to the non-trading period, i.e. it 
occurred between the Friday close and Monday open. 
Hour-of-the-day effect 
Smirlock and Starks (1986) further disaggregated the level of time and 
investigated the hour-of-the-day effect. Collecting hourly observations on the Dow 
Jones Industrial Average over the 1963-1983 period, they found that during the first 
hour of trading, the Monday returns are negative on average, but for the other days, 
the average returns in that first hour are positive. 
Using stock transaction data at NYSE for the fourteen months between 
December 1 1981 and January 31 1983 Harris (1986) calculated returns for 15 
20 
minutes intervals during the trading days. He found that during the first 45 minutes of 
trading, returns are negative on Monday, while on other weekdays, returns in this 
interval are positive. Moreover, during the last 15 minutes of trading, prices tend to 
jump up dramatically. 
Seasonality in option returns 
Extensive documentation and analysis exist for the presence of seasonality in 
stock returns. With these observed, yet not well explained, phenomena comes the 
question of whether these same effects are influential in the pricing of the derived 
instruments such as options. 
According to Black and Scholes (1973), call and put options prices are 
functions of six factors: the underlying asset price, the strike price of the option, the 
risk-free interest rate over the life of the option, the standard deviation of the asset's 
return over the life of the option, the length of time before the expiry date of the 
option, and the dividends (or interest for currency) expected to be paid over the life of 
the option. Seasonality in option returns may be induced by seasonality in changes of 
any underlying factors. Previous analysis of index option prices indicate that returns 
are sensitive to all of these factors except the risk-free rate. [See Cotner and Nayar 
(1993)] Therefore, this study controls for these other factors in investigating intraday 
return pattern in index options. 
I * 
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Dickinson and Peterson (1989) examined call and put stock option returns 
from 1983 to 1985 for the presence of January seasonal effect, a monthly effect, and a 
day-of-the-week effect. Results indicate the presence of seasonality in call returns, 
with returns significantly higher in early January and significantly lower on Mondays. 
Put returns generally exhibit less seasonality. These results are generally consistent 
with stock returns patterns. 
Peterson (1990) examined the call and put options returns from the Chicago 
Board Options Exchange (CBOE) from 1983 to 1985 by the day of the week and the 
time of the day. He found that option returns, especially for calls, exhibit patterns 
similar to those of common stocks. Puts have relatively high returns over weekends 
and early on Monday, in contrast to the relatively low returns of stock and calls, 
suggesting that uniform risk shifts and artificially high prices on Fridays across all 
markets do not cause the weekend phenomenon. 
Model of Strategic Trading 
Aggarwal and Gruca (1993), based on the analysis of data for over two million 
options transactions on the CBOE, find significant U-shaped intraday patterns in 
trading volume, transaction size, proportion of trades at the ask or bid, and other 
variables in the equity options market. 
I 
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Based upon a number of past relevant documentation, Aggarwal and Gruca 
(1993) suggested the strategic interaction of informed, liquidity, and noise traders 
generate and accentuate intraday trading patterns. 
t 
They suggested that trading is likely to exhibit temporal patterns because of 
factors exogenous to the market. Endogenous factors, such as herding to avoid 
adverse selection problems, can accentuate these exogenous factors and lead to 
intraday regularities in asset trading patterns, especially at the beginning and end of 
the day. 
Intraday patterns in equity option prices may arise because of the trading needs 
that accumulate while the market is closed or in anticipation of the market's being 
closed. The liquidity risk of holding an asset is likely to be higher when markets are 
closed. This factor may induce trading at the end of a trading period and at the 
beginning of the next trading period. In addition, because of factors exogenous to the 
trading floor, some traders tend to concentrate their trading at the beginning and end 
of the trading day. For example, because most portfolios are assessed by comparing 
their values with the closing values of stock indices, passive portfolio managers are 
likely to trade at the end of the day. ^ 
9 Aggarwal R. and Gruca E., "Intraday Trading Patterns in the Equity Options Markets", The Jovtmal 
of Financial Research. Winter 1993, 287. 
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Another possible source of intraday order imbalances and noise trading in 
options market is the informationless trading by scalpers who routinely close out 
positions at the end of the trading day to avoid holding overnight positions. 
The interaction between endogenous trading and exogenous factors related to 
intraday variations in the demand for trading may contribute to intraday trading 
patterns. Intraday pattern in trading volume and volatility can lead to intraday 
patterns in returns and bid-ask spreads/^ 
Sheikh and Ronn (1994) examined the daily and intraday behavior of returns 
on CBOE options. They found that options returns contain systematic patterns even 
after adjusting for patterns in the means and variances of the underlying assets. The 
intraday patterns in adjusted option return variances are further consistent with the 
model of strategic trading by informed and discretionary liquidity trading. 
Besides equity options, studies are extended to examine the seasonality pattern 
of index options. Cotner and Nayar (1993) analyzed the S&P 100 index call options 
over the period October 10 1985 through June 30, 1989. Results of the analysis 
indicate the presence of a January effect, an early January effect, and a day-of-the-
week effect in S&P 100 index option returns. These effects are significant even when 
controlling for the moneyness, time to expiration, and standard deviation of the index. 
“Aggarwal and Gruca ,288. 
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Seasonality of Hong Kong Stock Market 
The previous documentations are all about the US markets. A number of 
studies were carried out to study the seasonality pattern in emerging markets. 
Using the stock prices of companies listed in the Hong Kong stock exchange 
from January 1977 to December 1986 Pang (1988) examined empirically the stock 
return seasonality and the firm size effect in the Hong Kong stock market. The results 
reveal the presence of the January, April, October and December seasonal effects and 
the reversed firm size effect concentrated especially during the January and April 
seasonals. 
•a' 
Aggarwal and Rivoli (1989) examined seasonal and daily patterns in equity 
returns of four emerging markets: Hong Kong, Singapore, Malaysia, and the 
Philippines. Daily data for 12 years from September 1 1976 to June 30 1988 were 
used. The results support both the "January effect" and "weekend effect" in these 
markets. In addition to the "Monday effect", they found "Tuesday effect" in the four 
Asian countries. 
Wong, Hui and Chan (1992) extended the research on the day-of-the-week 
effect to the stock markets of Singapore, Malaysia, Hong Kong, Thailand and Taiwan. 
The study covered the period from January 1975 to May 1988 for all the countries 
except Thailand which covered May 1975 to May 1988. They found that like US and 
I 
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Canada, Hong Kong has negative mean returns on Monday and the mean returns on 
Friday are high. 
Research on possibility of seasonality pattern in the HSI options, to date, is 
limited. Unlike the index options in US markets, HSI Options were introduced for a 
fairly short period of time. As mentioned before, HSI options were launched in March 
1993 while options on S&P 100 and S&P 500 were introduced by the Chicago Board 
of Options Exchange (CBOE) in March and July 1983 respectively. 
Although there are not enough data available for empirical study of month-of-
year, week-of-month or day-of-week effects, it is sufficient for empirical study of 





EMPIRICAL STUDY OF INTRADAY PATTERN OF HSI OPTIONS 
Data and Methodology 
Daily Transaction Data for both HSI Futures and HSI Options are obtained 
from the HKFE. This data base includes quotations and transactions data for HSI 
Futures and HSI Options. The data transaction records range from January 1994 to 
October 1994 and within each trading day from 10:00 - 12:30 14:30 - 15:45 for the 
months of January to June, and from 10:00 - 12:30 14:30 - 16:00 for the months of 
July to October. The difference in the range of transaction data within each trading 
day is due to the change of the closing time of the market. Intertemporal option return 
patterns are examined through the following steps. 
Step 1 Obtaining data for the price of the underlying assets 
The HSI Futures are taken as the underlying assets for the HSI Options instead 




paying a continuous dividend yield at rate r ^^  • Thus, an option on spot is equal to an 
option on futures provided that the spot assets pay a dividend equal to the risk-free 
interest rate. Using futures as underlying assets, the futures prices already take care of 
the dividend. 
The fixtures prices are filtered. Only the futures contracts that expire in current 
month are considered because they account for the majority of trading volume. 
Besides, they represent the best surrogate for the underlying index. We exclude the 
futures that mature in less than a week because of the possible expiration week effects. 
Therefore for the last five trading days of a month, we select the futures contracts that 
expire in the next month. 
Within each minute, we select the last bid-ask records for the futures satisfying 
our sampling criteria. The ultimate futures contract price is calculated as the average 
of the selected bid and ask prices to account for the transaction cost. The percentage 
return per minute is calculated as the corresponding percentage change of the futures 
price. 
Step 2 Obtaining data for the price of the options contracts 
For the put and call options, we limit our attention to three option contracts 
which (1) are most actively traded in that particular day, and (2) will be mature in 
current month for all trading days except the last five trading days of the current 
12 Hull, John. Tntrodiiction to Futures and Options Market (Prentice Hall, 1991) 267. 
28 
month. We swap to consider the options contracts which will expire in next month for 
the last five trading days of the current month. In this way, the options selected are 
always at-the-money. For each minute, we come up with three option bid-ask records 
corresponding to the three selected different option contracts. The price of each option 
is calculated as the average of the corresponding bid and ask record in order to 
account for the transaction costs. 
As the data source contains some bid-ask pricing records which change 
dramatically to over or under 200% of the previous one within several minutes of the 
same day, it is believed that these pricing records are invalid. Therefore, in the 
screening process, we screened out all those records with bid or ask prices increase to 
over, or decrease to under 200% of the previous prices. 
The option pricing models presented by Black and Scholes is used, which is 
stated as follows: 
c=S*N(dl)-Xe-''''N(d2) (1) 
p = e-rTxN(~d2)-SN(~dl) (2) 
where c = value of call option 
p = value of put option 
S* = current level of the index, surrogated by HSI Futures 
X = exercise price of the option 




cr = variance of returns on the index 
T = time to maturity expressed in year 
d2 = dj -c VT 
N(.) = cumulative normal density function 
The per minute data for the value of call and put option, the level of the index, 
the exercise price of the option and the time to maturity could be obtained from the 
data base. The risk-free rates of interest used are the one-month Hongkong Inter-Bank 
Offering Rate (HIBOR) so as to match with the maturity of the selected options. 
The cumulative normal density function can be calculated using a polynomial 
approximation given by the equations: 




I + a x 
a = 0.33267 
al = 0.4361836 
a2 = -0.1201676 
x 
30 
a3 = 0.9372980 
and 
V271 
This provides values for N(x) that are always accurate to 0.0002. 
The implied volatility of each selected option contract per minute can be 
calculated by an iterative bisection method. This can be used to monitor the market's 
opinion about the volatility of the underlying Hang Seng Index, which does change 
over time. 
* 
The overall option volatility (proxy volatility) for each minute is calculated by 
taking a suitable weighted average of the individual implied volatility. The amount of 
weight given to each of the three implied volatility is the proportion of the number of 
transactions of the three selected options. 
Consequently, the strike price of the most actively traded option and the proxy 
volatility are plugged into the Black-Scholes formula to come up with the adjusted 
option price for that particular minute (proxy option price). 
Finally we come up with a database containing proxy option price for each 
minute and the resulting minute-by-minute percentage returns can be computed. 
I 
31 
Step 3 Calculating means and standard deviations of returns 
Each available trading day is subdivided into sixteen time intervals of fifteen 
minutes length. For each day of the week and fifteen-minute interval, the mean and 
standard deviation of per-minute returns of all corresponding call options, put options 
and futures are calculated during the ten months period. 
32 
CHAPTER V 
RESULT AND DISCUSSIONS 
For each time interval and day of the week, means and standard deviations of returns 
of futures, call and put are reported as shown in Table 5, 6 and 7 respectively. Also, test 
statistics examining various hypotheses are generated. As reflected from the past empirical 
studies of the seasonality of returns of stock index, stock options and index options, most of 
the significant high or low returns occurred on Mondays, the first and last trading intervals of 
the day. Therefore, the statistical tests will focus on testing the existence of such phenomena 
and the list of statistical tests are as follows: 
F5 - tests whether mean returns for a given time interval differ across the five days of 
the week. 
Fm - tests whether mean returns for a given time interval of Monday differ from other 
days of the week. 
F4 - tests whether mean returns for a given time interval differ across Tuesday through 
Friday. 
Fall - tests whether mean returns differ across the sixteen time intervals for a given day 




Fi - tests whether mean returns from 10:01 - 10:15 differ from the thirteen 
fifteen-minute intervals (intervals 2 through 14) between 10:16 and 15:30 
for a given day of the week. 
Fi5 - tests whether mean returns between 15:31 and 15:45 differ from intervals 2 
through 14 for a given day of the week. 
Fi6 - tests whether mean returns between 15:46 and 16:00 differ from intervals 2 
through 14 for a given day of the week. 
F2.14 - tests whether mean returns differ across intervals 2 through 14 for a given 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Futures percentage r e t u r n s per minute 
X 
Monday returns are significantly higher during interval 1 and lower during 
interval 9 compared with the same intervals of other days of the week as shown by the 
FM statistic. The Monday returns for all other intervals have little difference compared 
with the same intervals of other days of the week. 
Across Tuesday through Friday, Wednesday returns are significantly higher 
and Friday returns are significantly lower during interval 6, and Tuesday returns are 
significantly higher during interval 7 compared with the same intervals of other days 
from Tuesday to Friday as shown by the F4 statistic. Moreover, Friday returns for 
interval 3 are significantly higher than the same interval of Monday through 
Thursday. 
Significantly higher returns for futures are found during interval 1 for Monday 
only, as shown by the Fi statistic. 
Interestingly, significant lower returns for futures are found during interval 15 
for Friday only. For Thursday, quite significant higher returns for futures are found 
during interval 15. These are all reflected by the F15 statistics. 
As shown by the Fi^ statistics, in general, there is little difference in returns for 
the last interval from intervals 2 through 14 for all days of the week. For intervals 2 
t 
38 
through 14 significant difference in returns within the same day could be found on 
both Wednesday and Friday. 
Standard deviations of returns tend to be higher during interval 1 for all days 
of week. Moreover, standard deviations are significantly higher during the late trading 
intervals, i.e. intervals 14 and 15 for Friday only. 
Call options percentage returns per minute 
The analysis across days for given intervals yields the conclusions that for 
interval 9 call options have significant lower returns on Monday compared with the 
rest of days of the week. This is quite similar to that of futures. Moreover, for interval 
12, Monday call option returns are significantly higher than those of rest of days of 
the week. These are all shown by the F^ statistic. There are no other significant 
differences. 
Viewing returns intertemporally for a specified day, interestingly call options 
returns of interval 1 for both Thursday and Friday are significantly higher than 
intervals 2 through 14 of the same day, which are not found in the analysis of the 
futures returns. However, similar to futures, Monday call options returns of interval 1 
are slightly higher than the rest of intervals of the same day. 
Similar to futures, the standard deviations of returns tend to be very high 




interval 14 tends to be higher than the rest of intervals for Friday only. In terms of the 
magnitude, the returns for call options fluctuate more than that of futures. 
Put options percentage returns per minute 
There are few differences in mean put returns across days for given time 
intervals except for interval 6 and interval 8. For interval 6, generally higher returns 
can be found on Friday, which is opposite to those found in the analysis of futures 
return. This result is consistent with the inverse relationship between puts and futures. 
Besides, lower return can be found on Tuesday for interval 6. For interval 8 higher 
returns can be found on Thursday and lower returns can be found on Friday. 
Analyzing put returns across time intervals for a given day yields generally 
insignificant differences except for Tuesday and Wednesday, with the returns in the 
first interval significantly higher than intervals 2 through 14. These results, however, 
are neither found in the analysis of calls nor futures. 
For interval 1, when returns are comparatively lower compared with other 
intervals for calls on Tuesday and Wednesday, the puts returns are found to be high. 
When returns are found comparatively higher compared with other intervals for calls 
on Thursday and Friday, the situation is completely opposite in puts. These results 
are consistent with the inverse relationship between puts and calls returns. 
40 
Similar to futures and calls the standard deviations of put returns tend to be 
very high during the first trading interval of all days of week. Again, the standard 
deviation of interval 14 tends to be higher than the rest of intervals for Friday only. 
The standard deviation of last trading interval of Monday is quite larger than the rest 
trading intervals of the same day. In terms of the magnitude, the fluctuations of put 
returns are quite similar to call returns. 
Testing the relationship between index options and index futures 
As is well known, both call and put options have positively skewed return 
distributions. Thus, for a given mean stock return over time, the greater the standard 
deviations of the stock return, the greater will be the calculated mean option r e t u r n s ” 
This may explain why mean put and call returns are high early in the day (with 
exception of early Tuesday and Wednesday for call and early Thursday for put) when 
the standard deviation of futures is high. As from the spot-call parity relationship 
between the futures and spot stock price: 
Fo = So(l+rf-d/ (3) 
where if = risk free rate 
d = dividend rate of underlying assets 
T = maturity of futures 
futures returns are positively correlated to the underlying stocks' returns and so are the 
standard deviation of futures to the standard deviation of underlying stocks. 
13 Peterson, David R. "A Transaction Data Study of Day-of-the-Week and Intraday Patterns in 
Options Returns" The Journal of Financial Research. Summer 1990, 129. 
41 
This hypothesis is investigated through estimation of the following regression 
equations, employing eighty mean futures, call and put returns reported in Table 5, 6 
and 7, as well as eighty futures standard deviations reported in Table 5. 
CALRETi = ao + a FUTRET) + a^ FUTSDt + e^ (4) 
PUTRETi = Po + P FUTRETi + p^ FUTSDi + w, (5) 
CALRETj is the mean return of index call options for interval i; PUTRETj is 
the mean return of index put options for interval i; FUTRETj is the mean index futures 
return for interval i; FUTSDj is the standard deviation of index futures return for 
interval i; a ' s and p's are coefficients to be estimated; and q and Uj are disturbance 
terms. 
Results of the estimation of equations (4) and (5) are presented in Table 8. 
Call returns are positively and significantly correlated to futures returns and the 
standard deviation of futures returns. Put returns, on the other hand, are positively 
related to futures returns and negatively related to the standard deviation of futures 




OPTIONS RETURNS AS FUNCTIONS OF FUTURES RETURNS 
AND STANDARD DEVIATIONS 
CALRETi = ao + ai FUTRETj + a : FUTSDj + q 
Coefficients with t-statistics in parentheses 
OCo OCi R2 
-0.03 0.54 9.19 0.28 
(-1.31) (2.42*) (4.92*) 
PUTRETi = Po + Pi FUTRETi + p2 FUTSDj + Ui 
Coefficients with t-statistics in parentheses 
PO Pi P2 R2 
-0.03 0.53 -3.53 0.10 
(-0.98) (2.24) (-1.78) 
Notes: 
CALRETi is the mean call return for period i; 
PUTRETi is the mean put return for period i; 
FUTRETi is the mean futures return for period i; 
FUTSDi is the standard deviation of futures return for period i; 
a ' s and p's are regression coefficients; and 
Ci and Uj are error terms 
* Significant at the 5 percent level 
It seems that puts exhibit return patterns inconsistent with futures and calls. 
Given the derivative nature of options, it might be expected that calls would have 
returns patterns similar to stocks (and futures) while puts would have patterns 
opposite to those of stocks (and futures) and calls. 
I 
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The put returns patterns can be attributed to inactive trading of index puts 
compared to index calls during the period of study. During that period, i.e. January 
1994 to October 1994, the Hang Seng Index was falling downward steadily and 
slowly. However, the index level was still around 9000 to 11,000 (see Exhibit 3) and 
the market sentiment was in general bullish, especially after the bullish 1993 when 
majority of investors still expected the market to go up in the coming year. Exhibit 4 
shows the trading volume of the three most actively traded call option contracts and 
put option contracts from January 1994 to October 1994. The call contracts exceeded 
put contracts by 10,000 lots (nearly 10%). This demonstrates that in general index call 





Hang Seng Index Level from January 1994 to October 1994. 
Hang Seng Index level from Jan to Oct 1994 
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EXHIBIT 4 
Trading Volume of three most actively traded HSI calls and HSI puts 
January 1994 to October 1994 
• 
Trading volume of three most actively traded HSI calls and HSI puts 
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IMPLICATION OF FINDINGS AND CONCLUSIONS 
Implication of Findings 
The striking observations are the significant high futures returns from 10:01 -
10:15 on Monday, high put returns for the same time interval on Tuesday and 
Wednesday, and high call returns for the same time interval on Thursday and Friday. 
The volatilities of the index options returns are found to be much higher than that of 
futures returns. Apart from these, the intraday returns of HSI call options, HSI put 
options and HSI futures do not show many obvious and regular results. There are no 
similar or correlated patterns identified among intraday call, put and futures returns. 
The F-statistic, F2.14 are found to be quite significant from Tuesday to Friday 
for intraday futures returns only. This implies that futures returns are quite different 
from intervals 2 through 14 within the same day for Tuesday to Friday. This may be 
explained as follows : The index futures prices follow quite closely with the HSI 
which is shown by the spot-futures parity relationship, and during the study period, 
the implied volatility by the index options was very high. It jumped to 40% to 50% in 
February and March and only went down to the normal level of 20% to 30% in 
I 
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October (See Exhibit 5). This means that the HSI fluctuated rapidly in that period and 
hence the intraday futures prices followed this oscillation closely. Thus the futures 
intraday returns varied significantly in different periods within the same day. 
EXHIBIT 5 
MAXIMUM AND MINIMUM IMPLIED VOLATILITY OF HSI OPTIONS 
FROM JANUARY 1994 TO OCTOBER 1994. 
M a x i m u m a n d M i n i m u m i m p l i e d V o l a t i l i t y o f HSI o p t i o n s ( f r o m J a n t o O c t 1994) 
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Source : Hong Kong Futures Exchange Ltd. 
One of the purposes of this study is to identify, if any, intraday return patterns 
in call options and put options so that trading strategies can be derived to take 
advantage of this intraday return patterns. However, as mentioned before, there are no 
regular patterns identified for intraday returns on index options. As revealed by an 
equity derivative trader in a leading investment bank, there might be some usual 
I 
47 
phenomenon of increase in trading volume before holidays in the Hong Kong market, 
but he did not believe in any fixed intraday return patterns and thus would not rely on 
this in trading. 
Previous empirical works about the seasonality patterns on Hong Kong stock 
markets showed that there is day-of-the-week effect and monthly effect. Aggarwal and 
Rivoli (1989) found Hong Kong market has a "January effect", "Monday effect" and 
"Tuesday effect". In January, returns are generally higher than the overall average. 
The Monday and Tuesday returns are lower than overall average, while the Friday 
returns are higher. Wong, Hui and Chan (1992) found negative mean returns on 
Monday. In general, the mean returns are high and significant on the last trading day 
of the week. Moreover, the returns on Wednesday are also high and significant. 
Because HSI futures and HSI options are derived financial instruments from 
HSI, which consists of 33 major stocks. If we believe the results from the previous 
empirical works and the fact that futures and options returns are correlated and 
affected by the underlying index, there should be some similar patterns in the daily 
returns of HSI options and futures as that stated in the above papers. 
Table 9 shows the mean returns of HSI futures and options from Monday to 
Friday during the period of study. Our results show different return patterns from 
those implied by the previous works. For call options, mean return is high on 
Tuesday and Friday. For put options, mean return is high on Wednesday and 
• n 
48 
Thursday. For futures, the return is high on Tuesday while it is negative from 
Wednesday through Friday. 
TABLE 9 
PER MINUTE MEAN RETURNS (XI00) OF HSI CALL OPTIONS, 
PUT OPTIONS AND FUTURES 
“ M e a n Return o f “ Monday Tuesday Wednesday Thursday Friday 
~ C a l l Options 0.0066 -0.0009 “ 0.0287 
Put Options Mm a M U 0.0353 0.0492 0.0243 
Futures oMTl -0.0006 -0.0022 -0.0011 
One of the reasons for this discrepancy may be the difference of the study period. The 
two papers mentioned above investigated the returns from the Hong Kong market 
around 1975 through 1988 while our study period is from January 1994 to October 
1994. Moreover, with the recent development and expansion of the Hong Kong stock 
and futures markets, the microstmcture of the market changed rapidly. For example, 
investors are maturer and more knowledgeable about the market than before. Market 
players are getting more internationalized. Regulations are set up to protect the 
investors as well as to smooth the trading process. These changes in microstmcture of 




HSI call put and futures return patterns are examined from January 1994 to 
October 1994. Returns are segregated on the basis of the day of the week and time 
interval within the day. It is found that options and futures mean returns in the first 
fifteen minute interval are in general significantly different from others. However, 
there are not many correlated returns patterns found among call, put and futures. 
Option returns are regressed against futures returns to identify any 
relationship. Results show that call returns are positively and significantly correlated 
to futures returns and the standard deviation of futures. However, put returns are 
found to be positively correlated to futures return and the standard deviations of 
futures returns, though result is not significant. These uncommon results are believed 
to be caused by the fact that puts are much less frequently traded and hence quotes are 
often less revised. 
Further empirical work should be done to determine whether the intraday 
return patterns described in this study are stationary, non-stationary, or perhaps 
seasonal. The 10-month time-series sample analyzed here is too short to make such 
determination with confidence. Replication of this study using a transaction data set 
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